Rapid and prolonged stalling of human DNA topoisomerase I in UVA-irradiated genomic areas.
DNA topoisomerase I appears to be involved in DNA damage and repair in a complex manner. The enzyme is required for DNA maintenance and repair, but it may also damage DNA through its covalently DNA-bound, catalytic intermediate. The latter mechanism plays a role in tumor cell killing by camptothecins, but seems also involved in oxidative cell killing and certain stages of apoptosis. Stalling and/or suicidal DNA cleavage of topoisomerase I adjacent to nicks and modified DNA bases has been demonstrated in vitro. Here, we investigate the enzyme's interactions with UVA-induced DNA lesions inside living cells. We irradiated cells expressing GFP-tagged topoisomerase I with an UVA laser focused through a confocal microscope at confined areas of the nuclei. At irradiated sites, topoisomerase I accumulated within seconds, and accumulation lasted for more than 90 min. This effect was apparently due to reduced mobility, although the enzyme was not immobilized at the irradiated nuclear sites. Similar observations were made with mutant versions of topoisomerase I lacking the active site tyrosine or the N-terminal domain, but not with the N-terminal domain alone. Thus, accumulation of topoisomerase I at UVA-modified DNA sites is most likely due to non-covalent binding to damaged DNA, and not suicidal cleavage of such lesions. The rapid onset of accumulation suggests that topoisomerase I functions in this context as a component of DNA damage recognition and/or a cofactor of fast DNA-repair processes. However, the prolonged duration of accumulation suggests that it is also involved in more long-termed processes.